Subdural hematomas and effusions have been noted in at least 20% of adult patients treated with CSF shunts for normal pressure hydrocephalus. In a series of 39 cases the incidence of this complication is correlated with the low 41% improvement rate. The very low intracranial pressure achieved with conventional shunt systems is probably the most important factor causing subdural collections of blood or fluid. In a study of pre-and post-shunt CSF pressures in 25 patients it was found that in the erect position ventriculoatrial and ventriculoperitoneal shunt systems produced pressures averaging --238 and --251 mm H20 respectively. Although the new antisiphon valves produced much smaller decrements of CSF pressure with significant clinical improvement in some cases, these units did not always prevent subdural hematomas. KEY WORDS hydrocephalus subdural hematoma eerebrospinal fluid shunts intracranial pressure ECOGNITION of the syndrome of normalpressure hydrocephalus in adults has resulted in frequent shunt operations in the past 8 years. While numerous patients have improved significantly and some have gained full functional status, an alarmingly high proportion of complicating subdural hematomas (20.8%) has been reported in one recent series22 We have had a similar incidence of subdural collections (23%) in a series of 39 shunt-treated adults from 1968-1973. 8 Although these patients were carefully selected on the basis of neurological history and examinations, including air studies and positive radionuclide cistern-ography, only 16 (41%) of the patients benefited from shunting. Six (15 % ) of these returned to normal functional status, while five postoperative deaths occurred, one from a subdural hematoma. Considering the high complication rate in comparison with the low percentage of improved patients, we have analyzed our series in terms of multiple factors that may have led to the subdural collections. These included the types of patients treated, types of shunts inserted (ventriculoatrial, VA, or ventriculoperitoneal, VP), methods of insertion, time of development or recognition of the subdural hematoma, and the intracranial pressures before and after shunting. Intracranial pressures become extremely and consistently negative in erect or ambulatory patients with VA or VP shunts, and this report focuses on the problem of low pressure as an important factor in the cause of subdural collections.
An antisiphon valve (ASV) has been developed by Portnoy, et al., TM in an attempt to eliminate the incidence of subdural collections. We have had an opportunity to evaluate this device, which does reduce the negativity of intracranial pressure but by itself has not reduced the incidence of subdural hematomas.
Analysis of Cases

Clinical Material and Methods
In our series of 39 patients, 20 medium pressure Pudenz VA, one medium pressure Hakim VA, and 18 low-pressure Pudenz-Raimondi VP shunts were inserted. Seven ASV's were used, six in series with VA catheters. Care was taken to avoid the loss of more than a few milliliters of CSF during surgery. Among the nine patients developing subdural hematomas, the age range was 17 to 65 years. Subdural hematomas or effusions were recognized 1 week to 2 years after shunting. Those found early consisted of bloody or deeply xanthochromic fluid, while those diagnosed after 3 months were small hygromas with membranes. Trauma was identified in three patients and the five others were diagnosed after neurological deterioration occurred. Four of the subdural collections occurred with VP and five with VA shunts (Table 1) . Two were in patients with ASV units (one VA, one VP).
CSF Pressures
Twenty-five patients were studied by means of a transducer system 4 before and after shunting. Ventricular CSF reservoirs of the Ommaya or Mischler type were utilized in connection with a sterile 22-gauge needle linked to a pressure transducer via an air column. By adjusting the position of a fluid bubble in the column no CSF was displaced, and the pressure in the transducer balanced that in the ventricles. Instantaneous readings were provided and all pressures were referred to the level of the foramen of Monro. Pressures were measured in supine, sitting, and standing positions before and after the atrial and peritoneal catheters had been inserted. Sitting (erect) CSF pressures were selected for reporting as they reflected both the usual daytime position of the patients and the marked difference between pre-and post-shunt conditions. The pressure values recorded were those found 10 minutes after initiation of measurements in the sitting position. ASV units may be activated or deactivated by means of percutaneously reversible occlusion valves (PROV) built into the systems. TM Pressures were recorded at least 24 hours after ASV units were activated or deactivated.
Two patients had high lumbar and ventricular CSF pressures before shunting. Table 2 shows comparative ranges and average pressure values for VA and VP shunts before and after surgery. There was no statistically significant difference (p = .4 to .3) between the two types of shunts, although the lowest values were recorded from patients with the longer peritoneal catheters. Post-shunt measurements from patients with ASV's showed that those devices performed reliably in terms of pressure control ( Table 3 ). The marked negativity of pressure in the erect position was corrected by activating the ASV in each case. Average pressure values were significantly higher than those found with VA or VP shunts or inactive ASV's of either type (p < .001 ).
Results
Among the 25 patients included in the CSF pressure study, five eventually developed subdural hematomas; preoperative erect intracranial pressures in these five ranged from -40 to +60 mm H20 (average +20). Two with VA shunts had postoperative pressures of -240 and -250 mm H20). A third patient with a Pudenz VA shunt showed a pressure of -250 mm H20 with a deactivated ASV and -20 mm H20 with the unit activated. One patient with a VP shunt who ultimately developed a fatal subdural collection had a postoperative erect intracranial pressure of -190 mm H20. Another with a VP-ASV unit had pressures of -240 with the ASV inactive, and 0 (atmospheric) with the ASV switched on. There were no significant differences between the pre-and postoperative CSF pressures in patients who developed subdural collections and those who did not.
Discussion
Of all the factors that may contribute to the accumulation of subdural fluid in adult hydrocephalic patients with CSF shunts, the most striking is the uniformly marked depression of CSF pressures due to siphon-ing in the erect position. If we accept a normal value of -30 to -155 mm H.~O for CSF pressure in the sitting position, 1,2,6 our measurements show an average drop of 150 and 160 mm H20 in patients with VA and VP shunts respectively. Several patients had recorded changes in erect CSF pressures of over twice this average figure (Table 2 ). This extremely negative pressure state apparently leads to a potentially dangerous craniocerebral disproportion. Our clinical data do not reveal the actual source of the subdural fluid, whether from frank hemorrhage or venous incompetence, but the chronology suggests that blood initially occupies the subdural space with chronicity leading to a progressively less xanthochromic fluid (hygroma).
Prevention of subdural collections poses a problem that has to be balanced against the effective treatment of adult hydrocephalus. The excessively negative intracranial pressure achieved with conventional shunts does not appear to be necessary to sustain improvement in well-selected cases. We have had several patients who improved dramatically with the modest lowering of pressure afforded by VA shunts with antisiphon valves. A discussion of the possible factors leading to improvement is beyond the scope of this paper, but an analysis of pre-and post-shunt cerebral blood flow for ASV-treated patients would be of interest. TM The discouraging inability of ASV systems per se to prevent subdural hematomas has led to a re-evaluation of postoperative management as outlined by Portnoy, et al? ~ Knowing that all shunt valves show a rather persistent fluid run-off at low pressures) but recognizing the low incidence of subdural hematomas in Ojemann's series) we have recently initiated a study of postoperative CSF pressure in patients treated with Hakim VA shunts. The only patients studied thus far had a sitting (erect) pressure comparable to the Pudenz VA group (-280 mm H20).
We fully agree with Samuelson, et al., ~2 that rigid criteria for selection should precede surgical treatment in patients with normal pressure hydrocephalus, to eliminate the incidence of subdural hematoma as much as possible. Our experience shows that in patients with dilated ventricles but no focal neurological deficit, the clinical triad of dementia, gait disturbance, and urinary incontinence still is the most reliable indicator for selecting patients that may be expected to show a satisfactory surgical response.
